The reactions of 2'-benzyloxyflavanones 9b,c with thallium(III) nitrate or iodobenzene diacetate in the presence of perchloric or sulfuric acid in trimethyl orthoformate was studied. Depending on the substitution pattern and the conditions, these compounds underwent 2-aryl migration (9b → 11a) and/or ring contraction (9c → 10b + 11b) and dehydrogenation (9c → 12). A probable mechanism of these transformations is discussed.
Pterocarpans are naturally occurring plant products carrying a cis-fused benzofuranyl-benzopyran ring system [1] . Many of them exhibit various biological effects, most particularly antifungal [2] , antimicrobial [3] and anti-HIV activity [4, 5] . Furthermore, Nakanishi and co-workers have demonstrated [6, 7] that a representative of these natural products, (-)-(6aR,11aR)-cabenegrin-A-I (1) is a potent antagonist of some snake venoms. Although compound 1 is synthetically available in both racemic [8] and optically pure form [9] via racemic maackiain (2) , these multistep procedures are not suitable for its production on a larger scale for a detailed pharmacological study.
Recently we have published [10] a facile six-step conversion of (-)-(2R)-2'-benzyloxyflavanone (3) to (+)-(6aS,11aS)-pterocarpan (5) as shown in Scheme 1. The key step of this transformation is the ring-contraction of (-)-(2R)-3 into (+)-(2R,3R)-2-(2'-benzyloxyphenyl)-3-carbomethoxy-2,3-dihydrobenzo[b]furan (4) with iodobenzene diacetate (IDA) or thallium(III) nitrate (TTN) in the presence of a catalytic amount of sulfuric or perchloric acid in trimethyl orthoformate (TMOF) at room temperature. On the basis of this result, the above-mentioned route (3 → 4 → 5) offered a facile access to laevo-and dextrorotatory maackiain (2) isolated from Andira inermis [11] and Aldina heterophylla [12] , respectively, and thus to the enantiomers of cabenegrin A-I [(-)-1, (+)-1], as well. According to our previous results [10, 13, 14] a highyielding preparation of racemic 6,7-methylenedioxy-2',4'-dibenzyloxyflavanone (9a) was required as a starting step for the synthesis of these natural products [(-)-2, (+)-2]. It was also obvious that the simple synthesis of rac-9a may be performed via 2,4-dibenzyloxy-2'-hydroxy-6',7'-methylenedioxychalcone (8a) prepared from the readily available 2-hydroxy-4,5-methylenedioxyacetophenone (6a) [15] and 2,4-dibenzyloxybenzaldehyde (7a) [16] by Claisen-Schmidt condensation [17] .
Condensation of 6a with 7a, affording 8a with (E)geometry, could be achieved under the usual conditions [17] (50% potassium hydroxide in methanol at room temperature) only in low yield (12%), which could be significantly increased (45%) by using piperidine as a base in methanol at 65°C. Thus, TLC and UV monitoring of these attempts clearly indicated that the chalcone-flavanone equilibrium (8a 9a) was significantly shifted towards chalcone 8a in all cases and therefore rac-9a could not be isolated in pure form. Although the original aim of our work failed due to this fact, preparation of the chalcone derivative 8b and its ring closure to rac-9b, as well as oxidation of the latter compound with TTN and IDA were studied in order to reveal the reason of this unusual behavior of 8a.
Condensation of 6a with 7b was performed in a piperidine-methanol system at 65°C. TLC monitoring of the reaction clearly indicated that after 3 hours not only the formation of 8b, but also its ring-closure took place, to give a 4:1 mixture of 8b and 9b as shown by the 1 H NMR of the crude products isolated in 28% yield. Based on this fact, condensation of 6b with 7b was performed in a piperidine-methanol system at room temperature for 72 hours to afford 15% of rac-9b. According to our earlier observations [10, 13, 14] , transformation of rac-9b to the trans-2,3dihydrobenzo[b]furan derivative 10a was performed with TTN in the presence of 70% perchloric acid in trimethyl orthoformate at room temperature. A complex mixture was formed from which -instead of the expected 2,3-dihydrobenzo[b]furan derivative 10a -2'-benzyloxyisoflavon 11a, whose structure was elucidated by spectroscopic methods (NMR, MS), could be isolated in 34% yield.
It is to be noted that the same transformation (rac-9b → 11a) could be observed when IDA was used as the oxidizing agent. In order to determine the reason for this unexpected transformation the flavanone 9c was also prepared (see Experimental) and its oxidation with TTN and IDA studied.
TLC monitoring of this transformation with TTN indicated that several products were formed, from which three main products could be isolated by preparative TLC and their structures identified as 10b (24%), 11b (7%) and 12 (16%) on the basis of their NMR and MS. isoflavone (74-76%) from the corresponding flavanone derivatives with [hydroxyl(tosyloxy)iodo]benzene (HTIB) in MeCN at reflux temperature has also been described [19] . Our further study on the mechanistic aspects of this transformation is in progress.
Experimental
Melting points were measured on a Kofler hot stage apparatus and are uncorrected. For column chromatography, 0.063-0.200 mesh silica gel (Merck) was used. Analytical and preparative TLC was performed on Merck Kieselgel 60 F 254 precoated aluminum sheets and glass plates. 1 H NMR spectra were obtained on Bruker WP-200 spectrometer in CDCl 3 with TMS as an internal standard and coupling constants are expressed in Hz. ESI-TOF MS measurements were performed on a MicroTOF-Q instrument (Bruker Daltonik GmbH, Bremen, Germany). The sample solutions (in methanol at a concentration of ca. 25 μM) were introduced directly into the ESI source by a syringe pump (Cole-Parmer Ins. Comp.) at a flow rate of 2 μL/min. The temperature of the drying gas (N 2 ) was maintained at 100°C. The spectra were accumulated in the positive mode and recorded by a digitizer at a sampling rate of 2 GHz. The mass spectrometer was calibrated externally with the salt clusters produced from electrosprayed solution of sodium trifluoroacetate in the mass range of m/z 150-1000. The error in the mass determination was less than 8 ppm.
Preparation of chalcones 8a,b and flavanone 9b:
The mixture of acetophenone 6a (5.5 mmol), aldehyde 7a or 7b (11.0 mmol), methanol (50 mL) and piperidine (1 mL) was stirred under reflux for 24, 3 and 72 hours, respectively. After cooling, the reaction mixture was diluted with water, neutralized with 10% hydrochloric acid, extracted with ethyl acetate, washed with water and dried over magnesium sulfate. After evaporating the solvent in vacuum, the residue was purified by column chromatography, using hexane-ethyl acetate 4:1 as eluent.
2,4-Dibenzyloxy-2'-hydroxy-4',5'-methylenedioxychalcone (8a)
Yield: 1.20 g (45%). Yellow amorphous crystals. MP: 179-180°C. 1 The mixture of aldehyde 7b (2 mmol), acetophenone 6b (2.5 mmol), ethanol (15 mL) and 14% KOH (2 mL) was stirred at room temperature for 28 hours. The reaction mixture was diluted with water, neutralized with 10% hydrochloric acid, extracted with ethyl acetate, washed with water and dried over magnesium sulfate. The crude product was purified by flash column chromatography, using hexane-ethyl acetate 4:1 as eluent.
Yield: 0.50 g (69%). Orange syrup. 1 General procedure for transformation of flavanones 9b,c: a) A mixture of the flavanone derivative (0.8 mmol), thallium(III) nitrate trihydrate (1.2 mmol), trimethyl orthoformate (3 mL) and 70% perchloric acid (0.25 mL) was stirred at room temperature for 72 hours in the case of 7b and 30 min in the case of 7c. To the reaction mixture brine was added and the product was extracted with ethyl acetate, washed with sodium hydrogen carbonate then with water and dried over magnesium sulfate. The crude product was purified by preparative TLC using hexane-ethyl acetate = 4:1 as eluent. b) A mixture of the flavanone derivative (0.2 mmol), iodobenzene diacetate (0.216 mmol), trimethyl orthoformate (7 mL) and cc. H 2 SO 4 (0.1 mL) was stirred at room temperature for 72 hours. To the reaction mixture water was added, extracted with ethyl acetate, washed with sodium hydrogen carbonate solution, water and dried over magnesium sulfate. The crude product was purified by preparative TLC using hexane-ethyl acetate = 4:1 as eluent.
